The saccharide on the cell surfaces interacts with various cells and proteins and plays important role in the living system. It has been reported that many kinds of bacteria and pathogenic toxins infect cells via saccharide-protein interactions. How to use glyco-technology for our health and society is an important issue, because the remarkable functions of saccharides have been revealed.
One of the solutions is the detection of pathogens based on the saccharide-protein interactions. The bioactive saccharide on the cell surface was mimicked by a molecular assembly on the substrate, and the pseudo protein-saccharide interaction on the surface was used for the detection. Pathogens such as Escericia coli O157:H7, Shiga toxin by Escericia coli O157:H7, Chorella toxin, and Ricin toxin were known to interact with saccharide.
The development of nanotechnologies helps biosensing with the glyco-layers. In particular, the quartz crystal microbalance (QCM) and the surface plasmon resonance (SPR) enable the simple and detailed analysis of an organic thin layer. In addition, the gold substrate for the QCM and SPR analysis can be easily and precisely modified by self assembled monolayer of organic thiol, and Langmuir-Blodgett layer. Uzawa et al. reported that the globobioside modified gold substrate was connected to QCM device to apply the Shiga toxin detection [Uzawa, H., et al. (2002) Biomacromolecules 3, 411-414]. The required time for detection was just an hour or less, which is much faster than detection with DNA analysis. Cholera toxin having a similar AB 5 structure (A: toxic domain and B: lectin domain) to Shiga toxins can also be detected by the saccharide (GM1) immobilized substrate [Fang, Y. et al. (2003) Langmuir 19, 1500-1505].
The use of nanomaterial, gold nanoparticle, was also investigated. The lactose-PEG substituted gold nanoparticle with about 10 nm diameter strongly interacted with lectin of RCA120 to show color change by particle aggregation with a detection limit of 1mg/ml [Otsuka, H. et al. (2001) J. Am. Chem. Soc. 123, 8226-8230] . It has been reported that gold nanoparticle with GM1 was applied for the immunoassay, and that the Cholera toxin was detected sensitively with the detection limit of 1pg/ml [Yoon, A.S. et al. (2003) Anal. Chem. 75, 2256-2261].
The saccharide detects a pathogen, while DNA analyzes the gene that codes the pathogens. The direct detection of target pathogenic protein enables fast analysis. However, not only saccharides but also antigens capture the pathogens. There is some doubt what the character of the saccharide biosensor is, and which of the biosensing of saccharide or antigen is advantageous. Here, the quantitative and clear comparison of antibody and glycolipid was conducted by Stine et al. They immobilized glycolipid (GM1 and asialo GM1) and antigens on the substrate and compared the specificity and the sensitivity for ricin detection [Stine, R. et al. (2005 ) Anal. Chem. 77, 2882 -2888 . Asialo GM1 strongly bound to ricin and the amount bound to the substrate was 7 times larger than that of antigen. The binding specificity was analyzed using the reference proteins (fibronectin and IgG). While the substrate with glycolipids (GM1 or asialo GM1) adsorbed ricin, but seldom adsorbed the reference proteins. The signal to noise ratio by the protein binding was more than 10. On the other hand, both fibronectin and ricin was bound to antigen-immobilized substrate. It has been reported that the saccharide immobilized substrate has an inert property resulting in the specific interaction of biosensing [Prime, K.L. et al. (1991 ) Science 252, 1164 -1167 .
These results showed that the saccharide-based biosensing has the advantage of specificity and sensitivity. Though it has been believed that the protein-saccharide interaction is weak, interaction with a specific pathogen is strong. The use of saccharide to biosensing enables the biosensing to specific toxins and pathogens with high sensitivity and specificity. These characters will combine with the biosensing with antibodies to improve the biosensing such as ELISA. It is expected that saccharide will rejuvenate the biosensing.
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